Abstract
Results
Overall, non-standard workers, the self-employed, and unpaid family workers were less likely to use the preventive health care compared to the standard workers. In particular, the selfemployed were less likely to use all the six services compared to the standard workers and showed the lowest level of uptakes among the four working groups. Moreover, the service uptake of the non-standard workers was lower than that of standard workers in all services; except the colon cancer screening. On the other hand, unpaid family workers showed mixed results. While the uptake of influenza vaccination and regular health screening were lower, participation to the cancer screening was not lower compared to that of standard workers.
Conclusion
There were gaps in the utilisation of preventive services among workers depending on their employment types. Access to preventive health care services of nonstandard workers, the self-employed, and unpaid family workers should be prioritised. PLOS Introduction has promoted the preventive health further to include three main programs; regular health check-ups, cancer screenings, and vaccine programs. First of all, people receive medical check-ups in three different ways; NHIS-type for employees, NHIS-type for non-employees, or the private voluntary type. As stated above, all employees are supposed to receive the 'NHIS-type' medical check-up. It provides basic health check-ups that include; general consultation, blood pressure, lab test, eye and oral examination, and chest x-ray. The interval of check-up depends on the type of work and the risk of the work environment. Workers working in dangerous environments need to get evaluated every six months while others are checked annually [25] . The overall participation rate of workers in this type of medical check-up was 56% in 2006 and reached 72% in 2013 [26] . The other type is the 'NHIS-type for local subscriber'. People in this group receive an invitation letter from the NHIS to receive a medical check-up, which is not mandatory. Some people opt for 'voluntary medical check-up' by paying the full cost of exams out of their own pockets.
Secondly, the NHIS has been providing cancer screenings since 1999. It is not explicitly designed only for the working population, but for the entire population. Since the year 2005, anyone who wa-s eligible for each cancer screening could receive a screening, either free of charge for medical aid recipients or with a 10% user-charge. The trend of cancer screening rates for all four cancers (stomach, colon, breast, and cervix) had increased steadily between 2004 and 2011 [27] . Data from 2011 show that the percentages of getting stomach cancer screenings and colon cancer screenings were 65.6% and 33.3%, respectively [27] . Every other year, women over 30 years old can be screened for cervical cancer with a Pap smear, and women over 40 years old are eligible for a mammography [28] . In 2011, the percentage of women who had the mammogram and Pap smear were 60.4% and 62.4%, respectively [27] .
Lastly, the National Immunization Program (NIP) provides essential vaccination for children and seasonal influenza vaccination for high-risk groups. For the influenza vaccination, those over 65, the low-income, the disabled, and soldiers are eligible for free vaccinations while the others need to pay about 15-25 USD (1 USD: 1000 KRW) [29] . The vaccination rate during the 2008-2009 flu season was 32.4% for male and 42.6% for female. As intended, over 75% of the people over 65 years old received the vaccination. Vaccination rates were higher in rural areas (47.1%) compared to those in urban (31.5%) or metropolitan (30.7%) areas since the residential locations of the elderly population eligible for free vaccination are more concentrated in rural areas [29] .
Methodology

Data
The Korea National Health and Nutrition Examination Survey (KNHANES) is a nationally representative cross-sectional health survey conducted by the Korea Center for Disease and Control and Prevention in South Korea. Beginning in 1998, KCDC had carried out the survey once every three years, then made it annual in 2006. It used a multi-stage clustered probability design using 192 primary sampling units (PSUs) from over 200,000 PSUs. The survey comprises four different sections including a health survey, health behaviour survey, lab data, and nutrition survey. All respondents have agreed to the use of provided information and contact for a potential follow-up. Detailed information about the survey is available [30] . The data is available from the website (https://knhanes.cdc.go.kr). Since the data, which is publicly available, were analysed anonymously, the institutional review board approval was waived for this study.
Definition of the groups and study population
We categorised workers into four groups. 'Standard workers (SWs)' refers to workers with a full-time and permanent contract. 'Nonstandard workers (NSWs)' include part-time jobholders, temporary, and daily workers. Those who run their businesses are defined as 'the self-employed (SE)' [31] . Lastly, 'unpaid family workers (UFWs)' are also included.
The study periods were between 2007 and 2012. We used the 4 th and 5 th of KNHANES. The total number of the participants were 23,632 and 24,173, respectively. Due to the limited age between 25 and 64, the total population was 27,498. Among these, only economically active workers were included in the study population. (N = 16,964) Table 1 describes the definitions of the variables. We adopted six binary outcome variables to measure the use of preventive healthcare service that is in line with existing national guidelines. These include the regular medical check-up [25] , stomach cancer screening, colon cancer screening, cervical cancer screening [32] , and breast cancer screening within the past two years [33] , as well as the influenza vaccination in the previous year [34] . Among the 16,964 respondents for each question, three answered "unsure" whether they had the influenza vaccine or not within the given period. For the regular health screening, only two people marked as "unsure". Regarding the cancer screenings, 42 people for the stomach cancer screening and 78 people for the colon cancer have answered "unsure," which is 0.24 per cent and 0.46 per cent of the total respondents. These respondents were excluded in each logistic regression. We used the Andersen Model which explains the gaps in healthcare access [35] . The original model includes predisposing, enabling, and need characteristics. Since this study focuses on the preventive healthcare service utilisation of workers, we added work-related factors and eligibility criteria for the screenings.
Variables
Statistical analysis
Since the outcomes are binary, all the models are multivariate logit models. We used STATA/ SE 14 (StataCorp, College Station, TX, USA). Table 2 presents descriptive statistics on various factors (i.e. Gender, socioeconomic status, health conditions, work conditions etc.) by the employment group.
Results
Most study participants were married (80.53%), were living in the urban area (77.28%), had the National Health Insurance services (98.72%), had private health insurance (84.78%), were never diagnosed with a chronic disease (76.25%), were free from notable depressive symptoms (87.98%), and had day duties (85.72%).
Each employment group showed several distinguishable proportions for the given factors. The proportion of SWs was prominently higher in the "urban" group (47.75%), "higher education" group (62.17%), and "non-manual" working condition group (65.69%). SWs were also the majority among the population "with National Health Insurance" group (43.56%), as well as those "with private health insurance" group (45.56%). Only a small proportion of the participants were the recipients of Medical-aid (1.28%), but interestingly 57.75% of the recipients were NSWs. The groups that the SE took comparatively higher proportion were the "suburban" group (42.66%), the "primary education" group (38.59%), and the "evening or night duty" group (49.52%). The groups that UFWs had relatively greater percentage were the female group (13.44%), the "suburban" group (16.36%), and the "primary education" group (18.80%). Regarding income, the highest percentile of the "richest" group were SWs (49.10%), while there was not much difference in the "poorest" group for the proportions of SWs, NSWs, and the SE (29.78%, 28.05%, 32.93%). Table 3 presents the proportion of receiving preventive services by the employment status.
Regarding regular health checks, about 72.63% of SWs received the medical check-up while the other three groups were marked between 48.91% to 53.38%. With the vaccination, all four groups ranged between 21.02% and 25.98%. Regarding cancer screening, UFWs seemed to have the highest proportion of getting screened, followed by the SE. SWs and NSWs showed lower proportions of getting cancer screening in all four areas. Table 4 shows the gaps in the use of preventive services by the employment status. In fullyadjusted models, the probability of getting the influenza vaccination was 26% lower in NSWs (aOR = 0.74; 95%CI, 0.64-0.84), 29% lower in the SE (aOR = 0.7; 95%CI, 0.63-0.80), and 31% lower in the UFWs (aOR = 0.69; 95%CI, 0.57-0.83) than those of SWs. Moreover, the gaps between SWs and the others in the regular health screening were prominent. In particular, the SE (aOR = 0.25; 95%CI, 0.23-0.28) showed the lowest uptake, which was followed by UFWs Socioeconomic factors had effects on service utilisation. Female workers were more likely to get vaccinated, but less likely to get the regular health screening and colon cancer screening. Income-related gaps existed in the regular health screening and cancer screenings, but not for the influenza vaccination. Marital status, particularly in the 'never-married group', was associated with the lower uptake in all four services. Living in the suburban area showed heterogeneous association on the service utilisation. Education showed the various effect of the type of services. People with higher education year were less likely to get vaccinated, but more likely to get the other services. Interestingly, Medical aid recipients did not show higher uptake except for the vaccination, compared to people with the National health insurance services. Having private indemnity health insurance was associated with higher uptakes in all four services.
With health-related factors, having at least one chronic disease was associated with a higher uptake in all four services. Interestingly, having a depressive symptom that last for more than two weeks was associated with lower uptake of regular health screenings (aOR = 0.83, 95%CI, 0.73-0.95), stomach cancer screenings (aOR = 0.85, 95%CI, 0.74-0.97), and colon cancers (aOR = 0.85, 95%CI, 0.72-1.00).
Concerning work-related factors, manual workers were less likely to get the regular health checks and cancer screenings, but not in vaccinations. Workers who have fixed duty hours in the evening or night had the lower uptake of regular health screening and cancer screening. Interestingly, people pulling shift or having split work were more likely to get vaccinated (aOR = 1.89; 95%CI, 1.59-2.25), regular health check (aOR = 2.26; 95%CI, 1.83-2.80), and stomach cancer screening (aOR = 1.31; 95%CI 1.07-1.60).
Lastly, there was a yearly effect in the service utilisation. Compared to the baseline year, which was2007, the vaccine uptake rate improved in the year 2011 and 2012. An earlier and Disparities in the utilisation of preventive health services by the employment status When the eligibility criteria on the age were controlled, it also had an influence on the service utilisation. The strongest impact was observed in the stomach cancer screenings (aOR = 3.14; 95%CI 2.69-3.67) compared to the results in the colon cancer screenings (aOR = 1.84; 95%CI 1.52-2.23). Table 5 presents the results of cervical and breast cancer screenings. verall, NSWs and the SE showed less uptake of both services in fully-adjusted models. However, these gaps were not observable between SWs and UFWs. The probabilities of getting cervical and breast cancer screening were 17% to 16% less in NSWs, respectively, compared to those of SW. Similarly, the probabilities of getting cervical and breast cancer screening were 17% to 22% less in the SWs, respectively, compared to those of SWs.
Compared to the four outcomes in the previous analysis, there was some similarity in the effects of socioeconomic factors and work-related factors on the uptake of female cancer screenings. For example, higher education, higher income, living with a spouse, and having private health insurance were associated with the higher uptake of the services. Regarding � p<0.1 † Adjusted for age, sex, income, marital status, living area, education, medical aid recipients, private health insurance, year, and eligibility for each screening † † Adjusted for age, sex, income, marital status, living area, education, medical aid recipients, private health insurance, year, eligibility for each screening, chronic disease, depressive symptom, manual work, and duty hours.
https://doi.org/10.1371/journal.pone.0207737.t004
Disparities in the utilisation of preventive health services by the employment status work-related factors, workers with evening or night shifts were associated with the lower uptake, but 'pulling a shift or having a split work' did not make a difference. Differences were observed in local factors, health-related factors, and year effects. There was a regional gap in the uptake of cervical cancer (aOR = 0.83; 95%CI, 0.72-0.95). Moreover, unlike the positive and negative impacts of health-related factors in the previous analysis, neither having chronic disease nor depressive symptoms were associated with cervical and breast cancer screening. Unlike the colon cancer screening, there has been no improvement in the uptake of these two screenings since 2007.
Discussion
Our study suggests that, in a nationally represented population of economically active South Korean workers, NSWs were less likely to receive all services, excluding colon cancer screening, compared to standard workers. The SE were also less likely to uptake all six services whereas UFWs were less likely to receive vaccination and regular health screening compared to SWs.
Currently, regular health examination at least once a year is a requirement for employment subscribers by the labour law. If this requirement is not met, the employer is fined from 50,000 KRW up to 150,000 KRW (about 50 to 150 USD) per person [25] . However, the results suggest that the current mandate on the regular health examination is not enough because only Concerning the influenza vaccination and cancer screenings, the gaps between SWs and the others were smaller than the gap in regular health checks. This is owed to the NHIS vaccination program and cancer screening program in South Korea which have contributed to improving the outcomes throughout the years. And yet, the gaps in the cancer screenings between SWs and the SE still must be acknowledged. According to a previous research, the two main reasons workers were unable to visit any clinic were 'lack of time' (68%) and 'no substitute worker available in the business' (18%) [23] . Given that 82.7% of all self-employment in South Korea is based on small businesses with less than five employees, it is evident that unmet medical needs of the SE stem from such inevitable circumstances [23] .
Socioeconomic gaps also must be noted. Among the four areas covered in Table 4 , female workers were less likely to get regular health screenings and colon cancer screenings, but more likely to have influenza vaccinations. No utilisation gaps existed in the stomach cancer screenings. In relation to income, there were gaps in the utilisation among income groups, and so were among education groups. Higher income and higher education had an association with higher uptake of preventive health care services.
On the other hand, workers with chronic diseases were more likely to get vaccinated, and this finding is consistent with previous studies [29, 36] . This may be due to their need for regular clinic visits and physicians' recommendations [36] . This is in line with the South Korean government's policy to exempt chronic disease patients from being charged for vaccinations [37] . In regard to female cancer screenings, chronic disease comorbidity was negatively associated with being screened for cervical cancer. This result is consistent with previous studies that have suggested that chronic disease is a barrier to breast and cervical cancer screening. [38, 39] .
Limitations
The current study has several limitations. First of all, due to the cross-sectional nature of this study, findings are not causal estimation [40] . We have considered addressing endogeneity by using instrument variables; however, we could not find any proper one. Secondly, the health gaps among the four groups of workers may have been exaggerated since the survey period coincides with the great recession of the world economy that resulted in a steep increase in unemployment rates. In order to overcome these problems, longitudinal data is necessary so that we could control for the individual effect as well as the change in the employment.
Policy implication and conclusions
Our study elucidates gaps existing in the utilisation of the preventive services based on their employment status in South Korea. From the results of our study, improving access to preventive health services for NSWs, the SE, and UFWs seems to be an essential step to take. A study showed that the primary physician's recommendation is one of the most powerful influences that enhances the uptake of cancer screenings [41] . In addition to the physician recommendation, a carefully designed health system must be implemented in order to raise the national screening rate decisively [42] . According to a meta-analysis study, the most potent intervention to increase the use of adult immunisation and cancer screening services involved organisational changes such as designating separate clinics devoted to prevention, using a planned care visit for prevention, and hiring non-physician staffs for specific prevention activities [43] . Patient financial incentives such as monthly premium reduction, as well as patient reminders by healthcare-related vouchers, text messages, and phone calls, are also presumed to be effective.
In conclusion, there are gaps in the utilisation of preventive services among South Korean workers depending on their types of employment. Therefore, improving access to preventive health care services for NSWs, the SE, and UFWs should be prioritised.
